Purpose: To explore patients' obtaining and use of spectacles after routine cataract surgery. Methods: The study included 1329 patients who underwent bilateral surgery with the second eye operated during March 2013 at 38 different clinics in Sweden. Five months after the second-eye surgery, patients completed a five-item questionnaire about their spectacle use preoperatively and postoperatively. The responses were linked to data from the registry on multiple variables including postoperative refraction, age and gender. Results: Of the 387 patients who were advised by their surgeons to obtain distance spectacles postoperatively, most did so (77.3%, n = 299), while of the 691 patients who were not so advised, most did not obtain spectacles (78.9%, n = 545). Nevertheless, almost 50% of patients with both spherical and cylindrical errors exceeding 1 dioptre (D) did not obtain new distance spectacles postoperatively, while about 25% of patients with bilateral emmetropia (spherical error <0.5 D, cylinder <1 D) obtained new distance spectacles postoperatively. Conclusion: Patients' choices regarding obtaining and using new spectacles postoperatively are strongly correlated with advice given by the surgeon about the need for distance correction. The large difference between groups who were and were not advised to obtain spectacles for distance correction was only partially reflected in the postoperative refractive errors. Similarly, the patterns of preoperative spectacle use and gender or age differences did not explain this difference.
Introduction
The purpose of cataract surgery is to improve vision and quality of life by removing cataracts (Kessel et al. 2016) , reducing pre-existing refractive errors (Kugelberg & Lundstrom 2008 ) and minimizing spectacle dependence. The standard treatment today is implantation of a monofocal intraocular lens (IOL), with the IOL power calculated to leave the patient emmetropic or with low residual myopia. Developments in preoperative measurement and IOL calculation formulas (Holladay et al. 1986; Olsen 2007 ) have led to an increasing proportion of patients reaching the target refraction, which is a frequently used quality outcome variable in cataract surgery. Previous studies from the Swedish National Cataract Register (NCR) (Lundstrom et al. 2002; Behndig et al. 2011 ) have confirmed this trend. A recent publication (Behndig et al. 2012) reported that emmetropia was targeted in 78.1% of eyes and achieved in 52.7%, with 43% having <1 D of astigmatism, while reading myopia (À3.5 to À1.6 D) was targeted in 7.0% of the eyes and achieved in 7.8%. Nevertheless, other studies have reported that after bilateral cataract surgery with implantation of monofocal IOLs and emmetropia as the target refraction, at least 40-62% of patients remain spectacle-dependent for distance vision (Javitt & Steinert 2000; Nijkamp et al. 2004) , mainly due to astigmatism (Wilkins et al. 2009) . In Sweden, patients may be advised to obtain new spectacles about 6-8 weeks postoperatively based on the surgeon's assessment of postoperative refraction and visual acuity (VA). However, clinicians often anecdotally report meeting patients who never acquired the new spectacles they were advised to obtain postoperatively, despite substantial refractive errors. The impression is that this is even more common among the oldest patients, raising concerns that the full health/visual benefits of the surgery in the elderly (Lord 2006) may not be achieved, due to poor compliance. This raises questions about factors that determine spectacle use for near and distance tasks and indeed the relevance of emmetropia for spectacle independence. Some studies have proposed a target of low myopia with some astigmatism to promote both unaided distance and near VA (Datiles & Gancayco 1990; Bradbury et al. 1992) , but have been criticized (Wilkins et al. 2009 ) by other studies (Elliott et al. 1990; Savage et al. 2003) . The purpose of this study was to explore the use of spectacles after routine cataract surgery in a larger patient population, with a focus on the choice to obtain new spectacles and the role of postoperative refraction.
Patients and Methods
This study analysed data collected from the Swedish NCR, combined with an additional questionnaire about spectacle use. Approval from an ethics committee was obtained. The registry collects data from 97% of all cataract surgeries performed in Sweden. About half of the participating centres (38 of 73 clinics in 2013) also report annual outcome data from surgeries performed during the month of March. The patients attend a follow-up visit about 3 weeks postoperatively. At this visit, the bilateral VAs, subjective refractions and ocular comorbidities are recorded. From this March cohort, we selected all patients (n = 1527) who underwent bilateral surgery or a second-eye surgery in 2013 with complete data reported to the registry in both the clinic and patient surveys. A questionnaire with five items about spectacle use was sent to these patients 5 months postoperatively. Patients were asked if they used spectacles for distance only, near only, near and distance, or never, both preoperatively and postoperatively. They were also asked if they were advised to obtain spectacles at the postoperative follow-up visit (possible answers: yes, no, do not know, and did not have a follow-up visit), if they had purchased new distance spectacles postoperatively (yes or no), and if no, the primary reason (I can see well enough without spectacles, I can see well with my old spectacles, financial reasons, planning to buy new spectacles or do not know). The responses were coded and linked to data from the registry on multiple variables, including postoperative refraction, with a special focus on distance spectacles.
When analysing the postoperative refraction, the eye with the higher postoperative best-corrected VA (BCVA) was chosen as the basis for three refractive groups based on the common criteria used for prescribing spectacles (O'Leary & Evans 2003) : spherical error (AE) or cylindrical error (À) <1 D, either spherical or cylindrical error equal to or exceeding 1 D, and both spherical and cylindrical errors equal to or exceeding 1 D. When BCVA was the same in both eyes, the eye with the lower absolute value of the spherical equivalent was considered the better eye. Eyes were considered emmetropic if they had a spherical error below AE0.5 D in addition to the criterion for the first refractive group.
Statistical analysis
This study was primarily descriptive, but proportions tests were used to test the differences between two proportions. A chi-square test (STATISTICA 12, STATSOFT, Inc., Tulsa, OK, USA) was used to test comorbidity versus obtaining of spectacles, and the Mann-Whitney U-test (STATISTICA 12, STATSOFT) was used to test spherical equivalent versus obtaining of spectacles.
Results
We received 1329 questionnaires, giving a response rate of 87.0%. Incomplete questionnaires were excluded, as were patients who were registered as unable to co-operate with VA testing, were still being treated, or had incomplete registry data. The final number of valid questionnaires to undergo analysis was 1239, of which 472 (38.1%) were completed by men and 767 (61.9%) by women (compared to 39.5% men and 60.5% women among all registrations during 2013). The mean patient age was 74.7 years (compared to 73.9 among all registrations during 2013). The mean AE standard deviation ( 12. An ocular comorbidity, such as age-related macular degeneration, Fuchs' endothelial dystrophy, diabetic retinopathy, glaucoma or another comorbidity, was present in 375 cases (30.3%). Eight patients were implanted with multifocal IOLs and four patients with toric IOLs (total: 0.97%). Overall, the postoperative spectacle dependence was 44.9% for distance vision and 90.5% for near vision.
Preoperative and postoperative spectacle use and postoperative obtaining of new distance spectacles Preoperatively, 934 (75.4%) patients used spectacles for near and distance vision, 221 (17.8%) used spectacles for near vision only, 64 (5.2%) used spectacles for distance vision only and 19 (1.5%) used no spectacles. Postoperatively, 546 (44.1%) patients used spectacles for near and distance vision, 579 (46.7%) used spectacles for near vision only, 55 (4.4%) used spectacles for distance vision only and 59 (4.7%) used no spectacles. Table 1 shows results for distance spectacles and the difference between the use and obtaining of new distance spectacles.
The patients provided the following reasons for not obtaining new spectacles postoperatively: 'can see well enough without spectacles' (68.3%), 'can see well with old spectacles' (13.3%), 'planning to obtain new spectacles' (13.1%), 'do not know' (3.3%) and 'financial reasons' (1.9%; Fig. 1 ). There was no difference in rates of obtaining spectacles between patients with or without ocular comorbidity (p = 0.25). Significant differences were seen in refractions between the patients who used and did not use spectacles when analysed according to the three refractive categories (p < 0.01 for all three categories), but there was also considerable overlap between the groups (Fig. 2) .
Advice about the need for distance spectacles after surgery At the postoperative follow-up visit, 387 (31.2%) patients reported being advised that they needed distance spectacles, 691 (55.8%) patients reported that they did not receive such advice (Table 2) , 117 (9.5%) reported that they did not know and 44 (3.6%) reported not having a postoperative follow-up visit (even though their outcome data had been reported to the registry).
Most of the patients who were advised to use spectacles for distance vision obtained new distance spectacles postoperatively (Table 2) . Among the patients who were not told that they needed distance spectacles, an equally large majority did not obtain new spectacles.
The same analysis of the postoperative use of distance spectacles yielded similar results: in the group advised to wear spectacles, 69 (17.8%) did not wear spectacles and 318 (82.2%) did; and in the group of patients not advised to wear spectacles, 493 (71.3%) did not wear spectacles and 198 (28.7%) did (p < 0.01).
A closer examination of the differences between the patients who were advised and not advised to obtain new spectacles revealed significant differences in the preoperative spectacle-use pattern between the two groups: among those who did not use spectacles preoperatively, 1 (0.3%) was advised to obtain new spectacles and 16 (2.3%) were not (p < 0.05), while the corresponding figures for those who did use spectacles preoperatively were 32 (8.0%) versus 25 (4.0%; p < 0.01) for those using distance spectacles only, 27 (7.0%) versus 168 (24.3%; p < 0.01) for those using near spectacles only and 327 (84.5%) versus 482 (69.7%; p < 0.01) for those using both distance and near spectacles. Overall, the total preoperative distance spectacle use was 92.8% in the group advised to obtain spectacles compared to 73.4% in the group not advised to obtain spectacles (p < 0.01).
When the groups were analysed regarding refraction, the results were somewhat similar to previous analyses: in the group advised to wear spectacles, 149 (38.5%) had both spherical and cylindrical errors <1 D (refractive group 1), 167 (43.2%) had either a spherical or cylindrical error exceeding 1 D (refractive group 2) and 71 (18.3%) had both spherical and cylindrical error exceeding 1 D (refractive group 3). In the group not advised to wear spectacles, the corresponding figures were 374 (54.1%), 221 (31.9%) and 96 (13.9%) respectively.
Ametropia and distance spectacles
Further investigation of the relationship between postoperative refraction and postoperative obtaining and use of new distance spectacles focused on the distribution of those who did not obtain new spectacles among the refractive groups. These included 397 (65.6%) patients in refractive group 1 (both spherical and cylindrical errors <1 D; n = 605), 230 (53.1%) patients in refractive group 2 (either a spherical or cylindrical error exceeding 1 D; n = 433) and 98 (49.3%) patients in refractive group 3 (both spherical and cylindrical error exceeding 1 D;n = 201; p < 0.01 for group 1 versus 2 and 1 versus 3). When the patients in .9% for patients who used spectacles for distance vision only. These results were similar to those obtained for patients advised to obtain spectacles compared to those who were not advised to do so preoperatively. When we instead looked at how the patients' spherical equivalent in the operated eye was distributed, we found no significant difference in spherical equivalent regarding if they obtained new spectacles or not (p = 0.14; Fig. 3 ).
Emmetropia and distance spectacles
Of the 414 patients with true emmetropia (defined as sphere less than AE0.5 D and cylinder less than AE1.0 D) in the better eye, 131 (31.6%) obtained new distance spectacles postoperatively; 168 of the 'better-eye' emmetropes were also emmetropic in the other eye, but 41 (24.4%) of them still obtained new distance spectacles (Table 3) , and 21 (51.2%) of these patients even reported being informed by the practitioner about the need for new distance spectacles at the follow-up visit.
The rates of preoperative spectacle use among the better-eye emmetropes who obtained distance spectacles postoperatively (n = 131) were 89.6% for both near and distance vision, 5.6% for near vision only and 4.8% for distance vision only. All patients used spectacles previously. For the 282 patients who did not obtain spectacles, the rates of preoperative use were 64.9% for both near and distance vision, 29.0% for near vision only and 3.1% for distance vision only, while the remaining 2.4% did not use spectacles preoperatively. Hence, previous spectacle use was clearly more common among the patients who obtained spectacles (121/ 131 = 92.3%) compared with those who did not (195/283 = 68.9%).
Gender
No significant gender differences were seen either for the advice to obtain spectacles or the actual obtaining of spectacles.
Age
When the patients were subdivided into age groups of 70 years or younger (n = 379), 71-79 years (n = 504) and 80 years or older (n = 355), the use of distance spectacles postoperatively was similar between the groups; however, there was a slight tendency towards elderly patients using their old distance spectacles (p < 0.05 for the two older age groups; Table 4 ).
Discussion
In this descriptive study, bilateral cataract surgery reduced spectacle dependence for distance from 81% to 49%, based on self-reported use. This is within the previously reported range of 40%-62% for postoperative distance spectacle dependence (Javitt & Steinert 2000; Nijkamp et al. 2004 ). In patients who did not obtain new distance spectacles postoperatively (n = 725), 68.3% stated that they saw sufficiently well without spectacles and 13.3% that they saw well with their old spectacles. Only 1.9% reported financial reasons for not obtaining spectacles. A pair of glasses in Sweden costs about 200-1000 Euros, and the average pretax pension rate varies from 1690 to 2160 Euros.
The obtaining and use of new spectacles postoperatively seems to be strongly correlated with surgeons' advice about the need for distance correction. The large difference between the advised and non-advised groups was only partly reflected in the postoperative refractive error when analysed by refractive group. The relationship between the postoperative refraction and the postoperative need for distance correction is unclear. While almost 50% of patients with both spherical and cylindrical errors exceeding 1 D did not obtain new distance spectacles postoperatively, about 25% of patients who were emmetropic bilaterally (spherical error less than AE0.5 D, cylinder less than À1 D) still obtained new distance spectacles postoperatively.
The patterns of preoperative spectacle use also could not explain the difference between the groups that were advised and not advised to obtain spectacles. Patients who obtained new spectacles postoperatively had a somewhat higher rate of preoperative use of distance spectacles compared to those who did not, regardless of the postoperative refraction. Hypothetically, this could reflect a higher representation of preoperative hypermetropes compared to myopes among the patients who did not obtain spectacles or a larger proportion of patients who were used to progressive spectacles for near vision and distance vision preoperatively. No differences were observed based on gender. Analysis of the age groups revealed a slight tendency with age towards using old spectacles postoperatively instead of obtaining new ones.
The questionnaires were completed several months after the event, and so lapses in memory may have occurred about the advice given. However, the questionnaire could not be sent out earlier, as the patients had to attend the postoperative visit (up to 2 months after surgery), be advised to buy spectacles, go to the optician, and finally, some weeks later, obtain their new spectacles. The relationship between postoperative refraction and spectacle dependence has not been explored completely, and there is a need for more in-depth analysis of the different refractive components and combinations of these. In addition, information about the preoperative refraction is not collected in the registry, but it may be relevant to study outcomes of reading myopia and monovision compared to emmetropia. The specific type of spectacles (monofocal, bifocal or progressive) may affect patterns of spectacle purchase and use, but this was beyond the scope of the questionnaire. A future study combining spectacle use with available data in the NCR on self-assessed visual function should shed light on the implications of the current results.
Research on spectacle use after cataract surgery with monofocal IOLs is scarce, but of growing importance with the increasing use of multifocal and toric IOLs. Smaller studies have focused on the correlation between postoperative refraction and spectacle use, showing for instance that small levels of overall refractive error, particularly astigmatism, strongly predicted dependence on distance spectacles.
It is becoming more and more common to omit the postoperative visit after cataract surgery (Eloranta & Falck 2017) . This means that it is even more important to make sure that patients visit an optician after the surgery for advice on whether to obtain new spectacles.
This study used registry data to sample a larger cohort of 1239 patients and survey them about pre-and postoperative spectacle use. Of all factors analysed, including postoperative refraction, the best predictor of postoperative distance spectacle purchase and use seems to be the advice given by the practitioner. Financial considerations are rarely the reason for not obtaining new spectacles after surgery. Adequate and emphatic advice about spectacle purchase to the patients, especially the elderly, is necessary to address the questions raised in this study. If no postoperative visit is scheduled, it is also important to ensure that patients consult an optician after surgery. 
